Abstract. Design of Experiment (DOE) is a technique for optimizing process which has controllable inputs and measurable outputs. As a method of DOE, 2 4 Full Factorial design is used to study the effect of Reactive Ion Etch towards the surface roughness of aluminum pad and effect of the roughness produced towards the contact angle. Surface roughness analysis is done using Atomic Force Microscop(AFM). Contact angle is measured using AutoCad software from the images captured from droplet test. This contact angles must be more than 90° for non-wetting profile or less than 90° for wetting profile. This work is also done to understand the interaction between the process parameters and how each parameters will affect the etch rate. The results are analyzed which shows that the increase in surface roughness produces an increase on the contact angle and vice versa.
Introduction
Wettability refers to the response evinced when a liquid is brought into contact with a solid surface initially in contact with a gas or another liquid. Many possibilities exist such as the liquid may move out over the solid displacing the original fluid and finally coming to a halt when the angle between the liquid-fluid and solid-liquid interfaces reaches a certain value, which is a contact angle. On the other hand, the liquid may spread without limit displacing the original fluid throughout the entire solid surface area available, a situation evidently corresponding to a contact angle 0° [1] .
The contact angle concept is of fundamental importance in all solid-liquid-fluid interfacial phenomena, such as wetting of solid surfaces, capillary penetration into porous media, and flotation [2] . Thomas Young, as long as 1850 was able to relate the contact angle to the surface energies of the interfaces meeting at the three-phase junction and J. Willard Gibbs in 1878 expressed the relationship in mathematical form, thus conferring upon the contact angle as a status of thermodynamic property [3] . The importance of wettability in coating operations, adhesion, detergency, lubrication, and other operations in which liquid are applied directly to solid surfaces is self-evident. It also controls the spontaneous imbibitions of liquid into porous media, the separability of particulate solid by flotation, the efficacy of many supported catalyst and other phenomena of widespread importance. The wetting angle is considered as the angle between the interface of the droplet and the horizontal surface. A liquid is considered as wetting if the angle,θ is between 90 and 180 and it is considered as non wetting if the θ is between 0 and 90. A smooth surface can produce an intrinsic contact angle only up to around 120 [4, 5] . If contact angle measured and it gives 0 or 180 it corresponds to perfect wetting and the drop spreads forming a film on the surface [6] .
From a fundamentals perspective, a study of wetting behavior is challenging because contact angles are the macroscopically observable consequence of interactions at a molecular level. Although these interactions are generally complex and very-system specific, some basic predictions of static contact angles can be made from a rudimentary knowledge of these intermolecular interactions.
Methodology
This study is initiated by revealing the best DOE method suitable for the experimentation involving 4 factors(parameters) and 2 levels. 2 4 Full Factorial design suits the most and is chosen for the experiment. Four parameters or factors that involved in this experimentation are quantity of Tetrafluoromethane(CF4), Argon, ICP power and BIAS power. Combination of this 4 factors and 2 different levels of the factors will create an experiment design consist of 16 samples with 16 sets of recipes. The value of the factors and levels are given in Table 1 below. Next, sample preparation is started by dicing the wafer to get the number of samples needed for the DOE. In this DOE, 16 samples are needed with average size of 3.0 mm X 1.0 mm. The samples are then cleaned with Piranha solution to remove all unwanted organic matter on substrates especially oxide. After cleaned, the deposition of aluminum layer takes part where 3 layers of aluminum is deposited using Physical Vapour Deposition (PVD). Atomic Force Microscopic (AFM) is used to capture 3D images of the surface after the deposition for comparison. After the samples are characterized using AFM, Acetone solution is used to clean the samples from any contaminations. Acetone basically removes dust and contamination on the sample surface. The next procedure is all the samples will be etched using RIE. RIE is used to remove the material that we wish to remove from the sample surface, which is aluminum in this experiment. This process is done to change the surface roughness of the pad. Next all the samples which had been treated with RIE is characterized using AFM with its 3D images. In order to calculate the contact angle on the RIE treated surface, droplet test is done followed by measurement using AutoCad software. Finally the results are analyzed.
Result and Discussion
Wettability is a study of how a liquid spreads out when a liquid is droplets on it. When a drop is placed on the sample and it is spreads completely, the sample surface is called hydrophilic surface and this phenomena is called total wetting. When a drop is place on the sample and it remain stuck in its place, the sample surface is called hydrophobic and this phenomena is called partial wetting.
The wettability of a sample surface can be determined by calculate the contact angle of a liquid that droplet resting on a solid surface. The contact angle is calculated by drawing a tangent line from the droplet to the touch of the solid surface, and then the contact angle is the angle between the tangent line and the solid surface. Because its simplicity, contact angle has been broadly accepted for material surface analysis related to wetting, adhesion and absorption profile [7] .
From the Figure 1 plotted below, it can be clearly seen that the surface roughness value does tally along with the contact angle measured. Solid surface roughness does affect the contact angle. It is proven that solid surface roughness can contribute to the variation of contact angle [8] . The shape of the graphs which has the same shape but different in value shows that when the surface roughness increases, the contact angle will be high and also vice versa. To calculate the contact angle the images obtained from the droplet test must be from the side view of the water and wafer. So the method that we use is by placing a dummy wafer as a mirror at the side view of the water and wafer. Then the image is captured by using the microscope. The contact angle is measured by using AutoCAD software. Figure. 2 shows the example of the image measured using the software Figure. 2 Shows the example of the image measured using the software Advanced Materials Research Vol. 925
Conclusion.
In this experimental study, effect of the surface roughness towards the contact angle is analyzed. According to the results produced, the surface roughness does affect the contact angle. When the surface roughness increases, the contact angle also increases and vice versa. The surface roughness is varied using RIE treatment. A solid surface, even apparently smooth, may have impurities and defects that vary from place to place on the surface and from sample to sample. Thus, when the sample is treated with RIE, the surface roughness changes. Therefore, the contact angle of aluminum bond pad is directly affected by the surface roughness of the sample
